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INTRODUCTION
The tomato (Lycopersicon esculentum Mill.) crop is cultivated worldwide. It has a major role in global economy due to its production volume and value, being the second most cultivated vegetable, after the potato crop (Figueira 2000) . However, it is host to more than two hundred diseases caused by biotic and abiotic agents that contribute to a signifi cant decrease in its productivity (Lopes and Santos 1994) . One of the most frequent diseases of the tomato crop is early blight, caused by Alternaria solani Sorauer. This disease occurs on leaves, stems and fruits, and causes considerable economic losses (Kurozawa and Pavan 2005) .
The main method used to control early blight concerns the application of synthetic fungicides. However, the use of fungicides increases not only production costs, but also the risk of environment contamination; it also leads to health problems 1000 ELISA Z. TOMAZONI et al. in workers and consumers and selects resistant pathogens (Kishore and Pande 2007) . Therefore, developing alternatives for the control of fungal diseases is necessary in order to reduce this dependence on chemical fungicides. Essential oils are plant natural products, which have great potential as a substitute to the use of synthetic fungicides, since they have antifungal, antibacterial and insecticidal properties (Feng and Zheng 2007) . These natural compounds are less harmful to humans, compared to synthetic products, and less toxic to the environment due to compound volatilization (Satish et al. 2007 ). Besides, the majority of essential oils are classifi ed as Generally Recognized as Safe and present low risk with regard to the development of resistance by pathogenic microorganisms. Essential oils are complex mixtures of volatile organic substances, consisting, for the most part, of oxygenated compounds and hydrocarbons, such as sesquiterpenes and terpenes, the latter being predominant. The composition of essential oils varies among plant species and even in the same species, enabling them to present different biological activities (Nerio et al. 2010) . The antimicrobial action of essential oils occurs due to the presence of terpenoids and phenolic compounds in their structures, given that they present a lipophilic nature. These compounds interact with microbial membranes and disrupt the permeability barrier, leading to the leakage of cell content and impairing energy production (Tian et al. 2012) . In this context, using essential oils would be of great advantage to the development of new products for the control of plant diseases.
Native plants are often used as natural drugs by local populations, characterizing them as phytotherapic plants due to their curative and medicinal action (Khan et al. 2009 ). Lippia alba (Mill.) N. E. Brown is one of the medicinal plant species found in Brazil, among other countries in Latin America, and is widely employed due to its sedative, carminative, analgesic and spasmolytic properties (Hennebelle et al. 2008) . Nonetheless, it also has antimicrobial and fungicidal activity associated to its essential oils, affecting several microorganisms (Zétola et al. 2002) . However, wild populations differ in essential oil composition both quantitatively and qualitatively, which enables them to be separated into chemotypes (Tavares et al. 2005) . Manica-Cattani et al. (2009) developed a study with twenty-seven different accessions of Lippia alba from Southern Brazil, which were collected and cultivated in order to identify their chemotypes. Gas chromatographic analyses of their essential oils revealed seven different chemotypes, given that most compounds pertained to the monoterpene type.
This study evaluates and compares the effectiveness and the inhibitory effect of essential oils obtained from four chemotypes of L. alba against the phytopathogen A. solani, under in vitro conditions.
MATERIALS AND METHODS

PLANT MATERIAL
Leaves of four different accessions of Lippia alba (Mill.) N. E. Brown were harvested from plants of the germplasm collection of the Institute of Biotechnology, University of Caxias do Sul, RS, Brazil, and voucher specimens were deposited at the Herbarium of the University of Caxias do Sul (HUCS) The accessions were named according to the cities from which they were obtained, in Southern Brazil (Manica-Cattani et al. 2009 ): Teutônia -RS (HUCS26633 original and HUCS39706 cultivated), Pelotas -RS (HUCS26631 original and HUCS39707 cultivated), Caxias do Sul -RS (HUCS24689 original and HUCS39705 cultivated) and Santa Vitória do Palmar -RS (HUCS32197 original and HUCS39704 cultivated).
ESSENTIAL OIL EXTRACTION AND CHEMICAL IDENTIFICATION
The essential oils were extracted by hydrodistillation method from the dried plant leaves for 1 h in a Clevenger-type apparatus according to Agostini et al. (2009) 
Alternaria solani ISOLATES
The isolates used in this work were isolated from tomatoes and preserved in the fungal collection of the Laboratory of Phytopathology, University of Caxias do Sul, Brazil, on Potato-DextroseAgar (PDA) medium. Four A. solani isolates from tomato crops located within Southern Brazil were tested: A03/09 (Veranópolis -RS), A11/09, A13/09 (both from Vacaria -RS) and A1033 (Caxias do Sul -RS).
ANTIFUNGAL ACTIVITY OF ESSENTIAL OILS ON MYCELIAL GROWTH UNDER in vitro CONDITIONS
Microorganism development and inhibition was evaluated in different essential oil concentrations using potato dextrose agar medium (PDA) according to Feng and Zheng (2007) , with minor modifi cations. The adopted essential oil concentrations were 0.1, 0.5, 1.0, 1.5 and 2.0 μL mL -1 , with the addition of performed in order to make a distinction between the fungistatic and fungicidal effects of the essential oils on the target microorganisms. For this purpose, plugs that did not grow were transferred to fresh PDA dishes and their viability and growth we assessed after seven and fourteen days of inoculation at 25 ºC. The residual fungal growth was monitored by measuring the radial growth of the fungi. The adopted essential oil concentrations were 0.1, 0.15 and 0.2% aqueous emulsions (similar to the antifungal activity concentrations). The aqueous emulsions were made with the addition of a 0.1% solution of Tween 20 and autoclaved distilled water (1:100, v/v). For the germination bioassay, 20 seeds were soaked in 2.5 mL of autoclaved distillated water on a layer of fi lter paper, in Petri dishes, and incubated in B.O.D at a 25ºC temperature and a 16-h photoperiod. Essential oil emulsions were added onto a cotton ball attached to the inner face of the Petri dish lid, allowing the oil to volatilize into the airspace within the dish. A negative control group was treated with distilled water, and five replicates of each treatment were carried out. The effect of the essential oils on germination rates was evaluated by counting the number of germinated seeds after seven days of bioassay. Seeds that were considered as germinated had 2 to 3 mm of root length. Regarding the plant growth bioassay, 10 pre-germinated seeds in distilled water, under the same conditions of the germination assay, were used for each Petri dish and fi ve replicates were performed for each treatment. Essential oil emulsions were applied, as in the germination test, after the emergence of the primary root. The seedlings remained exposed to essential oil volatiles for seven days and were then evaluated by measuring the hypocotyl and root length. (Table I) . (Fig. 1) . However, all essential oils presented a time course action from the third to the fourteenth day after inoculation and depended on the concentration. The effect was observed from the third day after inoculation, with the lowest concentration (0.1 μL mL -1 ). After the third day, the fungi isolates surpassed the inhibitory effect of the low concentration of essential oils and succeeded to grow, therefore, higher concentrations were necessary for a successful inhibition. Data obtained on the 14 th day of assay showed that the essential oils were effective at inhibiting the mycelial growth of A. solani, maintaining their action during this period (data not shown).
The citral chemotype essential oil showed total inhibition on the 7 th day, starting at the 1.0 μL mL -1 concentration for A03/09 and A11/09, however, A13/09 demanded a higher minimum concentration (1.5 μL mL -1 ). The 0.5 μL mL -1 concentration presented fungicidal action for A1033 (Fig. 1a) . 
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The camphor/1,8-cineole chemotype essential oil had a different behavior for each A. solani isolate. The growth of A03/09 was signifi cantly inhibited at the 0.1 μL -1 mL concentration, presenting around 50% of the control growth. However, higher concentrations did not cause the complete inhibition of fungal growth for this isolate. A1033 had its growth signifi cantly inhibited by the two highest concentrations. The growth of A11/09 and A13/09 was signifi cantly reduced at the 0.5 μL mL -1 concentration and fungicidal action was observed by the transfer experiment for A11/09 (Fig. 1b) . The linalool chemotype essential oil started its action against A. solani at the 0.5 μL mL -1 concentration, with the exception of A13/09, which only started to have its growth signifi cantly reduced at 1.0 μL mL -1 , as of the 7 th day growth evaluation.
All isolates had a similar behavior at 1.5 and 2.0 μL mL -1 concentrations, which completely inhibited fungal growth and differed from the control group, given that all presented fungicidal action (Fig. 1c) Phytotoxic activity by essential oils was detected at higher concentrations of the evaluated essential oils (Table II) . The citral chemotype essential oil was the only one to demonstrate an inhibitory effect towards tomato germination at its highest concentration. Hypocotyl growth was inhibited by the highest concentration of camphor/1,8-cineole chemotype essential oil, presenting a benefi c effect on the other concentrations for this parameter (Table  II) . Regarding root length, the citral chemotype essential oil induced root growth at 0.2%, while the linalool chemotype inhibited said growth (Table  II) . It is important to consider that essential oils of citral and linalool chemotypes presented fungicidal action at the 1.5 μL mL -1 concentration, which did not show any phytotoxic effect (0.15%).
DISCUSSION
The increasing social and economic implications caused by fungi diseases result in a constant effort to produce safer food and to develop new antifungal agents (Feng and Zheng 2007) . Essential oils are complex, volatile and natural plant compounds, known for their antiseptic, bactericide and fungicide characteristics (Bakkali et al. 2008) . These characteristics enable their use in combating fungi that cause plant leaf diseases, such as the phytopathogen A. solani. The essential oils used in this work were obtained from four accessions of Lippia alba, which were originally from different regions of the state of Rio Grande do Sul, Brazil. As was demonstrated in the literature (Tavares et al. 2005 , Manica-Cattani et al. 2009 , Zoghbi et al. 1998 , Atti-Serafi ni et al. 2002 , the composition of L. alba essential oils varies, allowing different chemotypes to be identified. Each accession of this work was identified and characterized as a chemotype based on its most abundant compound. Moreover, the four accessions presented essential oil yields that corroborate with yields previously described for the species (Atti-Serafi ni et al. , Aguiar and Costa 2005 , Silva et al. 2006 .
In general, essential oils have greater antifungal activity due to a synergistic effect with some active components, being more promising for commercial application than single compounds (Tian et al. 2012) . The capacity of the four identifi ed essential oil chemotypes towards inhibiting the growth of A. solani isolates was evaluated. We observed that all chemotypes presented inhibitory activity against pathogen growth, with the exception of camphor (Santa Vitória do Palmar). The essential oil with the highest activity was the citral chemotype, followed by linalool and camphor/1,8-cineole (Table III) . Thus, the antifungal activity demonstrated by the effi ciency of the essential oil chemotypes might be related to the chemical composition of the essential oils and their major compounds. On the other hand, the different responses among isolates to each essential oil chemotype should be related to its genetic variability and its degree of pathogenicity (Chaerani and Voorrips 2006) . The essential oils used in this work were oxygenated compounds with hydroxyl groups: a cyclized monoterpene alcohol (1,8-cineole), a non-cyclized monoterpene alcohol (linalool), a monoterpene ester (citral) and a bicyclic monoterpene ketone (camphor). The different results show that the presence of a functional group containing oxygen is important, indicating a relationship between structural and biological activity (Echerrevigaray et al. 2008) . Several investigations have been carried out in order to understand the action mechanism of the essential oils, but it remains unclear (Ghfi r et al. 1997, Knaak and Fiuza 2010) .
Essential oils may inhibit the growth of fungi either temporarily (fungistatic) or permanently (fungicide). Three chemotypes used in this study demonstrated signifi cant fungicide action against the phytopathogen Alternaria solani, which corroborates with previously established antifungal activity of L. alba essential oils on some plant fungi (Singh et al. 1998 , Souza et al. 2005 Chemical interactions among plants or microorganisms that cause growth stimulation or inhibition have been described as allelopathy (Rice 1979) . This process involves the capacity of one plant species to produce and liberate allelochemicals into the environment, which can be as volatile as essential oils, for example. These allelochemicals can be utilized to improve crop productivity, protect the environment, control weeds, pests and crop diseases (Sousa et al. 2009 ). The results obtained in this work showed that the concentrations which were used to inhibit the phytopathogen did not present any notable effect on tomato germination and growth. Therefore, the essential oils did not present any phytotoxic effects towards tomato development and could be used to control early blight disease without prejudice to the plant.
CONCLUSIONS
In conclusion, the essential oils obtained from citral, 1,8-cineole and linalool chemotypes of Lippia alba inhibited the mycelial development of phytopathogen Alternaria solani, presenting fungicidal activity. In addition, they did not show any strong effects on tomato germination and development. All data here presented suggest that these essential oils can be successfully used in the control of early blight disease on tomatoes with the advantage of presenting low environmental impact and low risk concerning the development of resistance by pathogenic microorganisms.
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RESUMO
Vários compostos naturais voláteis produzidos pelo metabolismo secundário de plantas têm demonstrado ação antimicrobiana comprovada, permitindo a sua utilização no controle de fi topatógenos. Apresentam também, baixo impacto ambiental em comparação aos pesticidas convencionais. Os óleos essenciais apresentam esses compostos que podem ser encontrados em várias espécies de plantas, tais como Lippia alba (Mill.) N.E. Brown (Verbenaceae). Óleos essenciais de quatro quimiotipos de L. alba, caracterizados por seus compostos majoritários, cânfora, citral, linalol e cânfora/1,8-cineol, foram testados contra o fi topatógeno Alternaria solani Sorauer (Pleosporaceae), que causa pinta preta em tomates e é responsável por grandes perdas econômicas na produção. A ação antifúngica dos óleos essenciais foi testada in vitro utilizando meio de cultura batata dextrose ágar (BDA) nas concentrações 0,1, 0,5, 1,0, 1,5 e 2,0 μL mL -1 dos óleos essenciais. O quimiotipo que apresentou o melhor desempenho foi citral, mostrando inibição signifi cativa em comparação aos outros a partir da concentração 0,5 μL mL -1 . O óleo essencial do quimiotipo linalol foi efi ciente a partir da concentração 1,5 μL mL -1 . Porém, o quimiotipo cânfora não apresentou ação contra o fi topatógeno. Além disso, os óleos essenciais não tiveram nenhum efeito notável sobre a germinação e crescimento de tomate. Em conclusão, estes óleos essenciais apresentaram ação fungicida contra A. solani.
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